-2-stable configuration in the crystalline state. The sp 3 orbitals give ri~e to four equivalent tetrahedrally coordinated bonds and this bonding rc!.~ult~ in the diamond structure for these crystals. In this group, the bond energy is a decreasing function of the atomic number; carbon has a very strong bond while gray tin is only stable at lo~ temperatures and undergoes a phase transformation at 292°K to metallic white tin. Lead crystallizes in the fcc structure and is metallic.
The optical properties of these crystals can be correlated to their bonding properties. The fact that Empirical Pseudopotential Method 1 (EPM)
calculatio~s on charge density 2 predict the bonding trends in tetrahedrally coordinates crystals so well, indicates that trends in the imaginary part of the dielectric function e 2 (w) (which is the input in EPM calculations) contain the relevant information about how these crystals are bonded. In diamond type crystals e 2 (w) consists essentially of two main peaks, one at low energies (energy EL) associated with transitions at the L point of the Brillouin Zone (BZ) and another prominent peak at higher energies (energy EX) associated with a region around the X point of the EZ. Phillips and Van Vechten 3 have pointed out that the largest bond is expected when all optical oscillator strengths are concentrated at one energy gap. Furthermore, for a fixed average gap Eg, if one part of the conduction band is close to the valence band, appreciable mixing of the valence band with the conduction band is expected. So that a measure of the dehybridization of the wave function is given by Ex/E where E is an average of ELand the energy of the smallest direct gap.
-3-Two iJ?p::>rtant features come in when doing an EPM calculation:
(1) the nearest neighbor distance, which increases in going from C to Pb and (2) the pseudopotential, which depends on the element of interest. These fe.:'ltures raise an interesting question: is it the change in nearest neighbor distance, d, that is responsible for the marked differences between these materials, or is it the different effective p::>tential that the electrons feel outside the core which produces such dillerences? A partial answer comes from pressure experiments. The application of hydrostatic pressure is expected primarily to change d. What one observes in this case is an increase in the average direct gap and a trend toward metallization. Because these are contradictory, then based on pressure data only, changes in d from element to element cannot explain the observed trends in the group N materials.
To investigate the dependence of the properties on the p::>tentials used, we have calculated the band structures and electronic charge densities in. the diamond structure for three model pseudop::>tentials using only two parameters to specify the pseudop::>tentials. One of these parameters was kept constant while the other was chosen to give the band . structure of a one eV gap semiconductor like Ge; a zero gap semiconductor such asSn; and a band structure with overlappin~ bands having metallic properties. We have also calculated the band structure and charge density in the Fermi-Thomas approximation for a pseudopotential appropriate to Ge. All through this work the lattice constant used was that of Ge. The final contribution to the pseudopotential t~omes from the interaction arising from the valence electrons which can be included by using a screening function. 
where k is the wavevector, n the band index and the pseudo potential is given by
sites The crystal symmetry is easily taken into account when this pseudopotential is expanded in the reciprocal lattice In the diar.nond structure, with two ator.ns per cell at positions ± ~ where i = ~(1, 1, 1), a is the lattice
where n is the volume of the primitive cell and G is in units of 2n/a. 
For a given set of form factors, the Hamiltonian can be solved for the ,,
energy eigenvalues and wavefunctions l/J n, k(r) at many k points in the Brillouin zone. The charge density for each valence band is ~hen given by p (r) n (5) In the diamond structure there are a total of 8 valence electrons per primitive cell and 2 valence electrons per energy band. The charge dengiven in the next section sity resultsjare plotted in the form of contour plots in the (1, -1, 0) plane, which contains an atom and two of its nearest neighbors. The density is plotted in units of ( e/0) where n is the volume of the primitive cell. In Fig. 4 the calculated energy band structure is given and in 1) The charge density for states near r 2 , is highly peaked near the atoms and it is · · very sensitive to changes of the pseudo potential in that region ·in real space. It is therefore very sensitive to changes in v(.J"8).
2) The charge density for states near L 1 is more "free like" but peaked between the atoms and the antibonding site so they are less sensitive to
3) The charge density for states near x 1 is almost constant so that the .energy splitting r 25
, -x 1 is very little affected by changes in v(.J"8) .
• Figs. 6 and 7 show the charge density contour plots in the first valence band for model potential I and II respectively; the reduction of v(.f"8)
. from the first to the second model has caused a decrease in the repulsive part of the potential near the atoms, and the electronic charge tends to pile up closer to ·the atomic sites; the same effect is observed in band 2. Bands 3 I and 4 are almost identical for r.nodels I and II; p-like bands are quite insensitive to the potential near the atoms. The only trend we observe in com-. paring Figs. 5 and 3 is a small trend to pile up charge closer to the atoms in model II; this tendency is also present in the charge densities of Walter and Cohen 2 going from Si to Ge to a.-tin. This is mainly caused by the charge density of the first two s-like valence bands as already discussed. is zero in this model; the energy band structure is that of a semimetal and Table I includes the values of the main energy splittings.
Since v(..f8) is now zero, the piling of the charge density closer to the It is interesting to compare the band structure of lead assuming it could crystallize in the diamond structure with the results of model III.
To do this, we have calculated the band structure using the Heine-Animalu pseudopotential for lead. The lattice constant i:: (!hosen so that the nearest neighbor distance, d, in our hypothetical phase for Pb is the same as the nearest neighbor distanc:e in its fcc phase. The juntification for thi:J choice
is that when Si and Ge undergo a metallic phase transformation under pressure the nearest neighbor distance is almost unchanged. The band structure obtained in this manner is similar to that of model m.
Fermi-Thomas model. In the Fermi-Thomas approximation, the pseudopotential is given by 2.
--E effects of the overlap on the charge density, hence 1 Nevertheless, since the charge distribution in the first two bands is highly peaked around the atoms, and bands 4 and 5 add an almost constant background to the total charge density when compared to the first two, we expect that Fermi level corrections would not affect appreciably the total cparge density. The main point is that the repulsive potential is too weak to keep the electrons outside Because of this study using a two parameter model, which simulates the repulsive and attractive parts of the pseudopotential, we can understand and roughly predict the dependence of the total electronic charge density on the pseudopotential without going through a calrulation of the energy band structure. 
